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I. Conditions for Electroquasistatic Fields 

A. Order of Magnitude Estimate [Characteristic Length L, Characteristic 
time x] 




(a) 



Figure 33.1 Prototype systems involving 
one typical length, (a) EQ^ system in 
which source of EMF drives a pair of 
perlettly conducting spheres having radius 
and spacing on the order of L. 



Courtesy of Hermann A. Haus and James R. Melcher. Used with permission. 
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B. Estimate of Error introduced by EQS approximation 




Figure 33.2 Plane poiallel electrodes 
having no resistance, driven at their outer 
edges 1>y a distributioo of sources of EMF. 



Courtesy of Hermann A. Haus and James R. IMelcher. Used with permission. 
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Figure 3,3,3 Parallel plates of Figure 
3.3.2, showing volume containing lower 
plate and radial suffaoe cuirent density at 
its periphery. 



Courtesy of Hermann A. Haus and James R. I^lelciner. Used witln permission. 
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Figure 3SA Cross- sect ion of system 
shown in Figure 3,3,2 showing surface and 
contour used in evaluating correction E 
field 



Courtesy of Hermann A. Haus and James R. I^elcher. Used with permission. 
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1^^ (^<M^<M° ^0 



[E,(b)-E,(r)]d = .f |r-dr-d^^. 



4 ' dt^ 



If Eg (t) = A COS cot 
l^errorl cI^Eq / 2 1 



Eo 4Eo dt^ 
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3 X 10^ 

f=l MHz in free space => A, = ^ — = 300 m 

10^ 



If b «: 100m EQS approximation is valid. 



II. Conditions for IMagnetoquasistatic Fields 




(b> MQS system consisting of perfectly 
conducting loop driven by cument 
source. The radius of the loop and 
diametef of its cios&-sectiO(n aie 
on the order of L. 



Courtesy of Hermann A. Haus and James R. Melcher. Used with permission. 
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VxH = J^^ = J^H = JL 
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quasistot i C Figure 3.4,1 Range of characteristic times 
I ^ over which qua&istatic approximation 

— - is valid. The transit time of an 



^erti "^p eJeciromagnetic wave h Tbb, while r? is a 

time characterizing the dynamics of (he 
quasistatic system. 

Courtesy of Hermann A. Haus and James R. Melcher. Used with permission. 
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III. Boundary Conditions 

1. Gauss' Continuity Condition 




Figure 2-19 Gauss's law applied to a differential sized pill-box surface enclosing some 
surface charge shows that the normal component of eJE. is discontinuous in the surface 
charge density. 



cf SqE . da = I a,dS So (E^^ - ) dS = a,dS 
s s 

So (Ezn - Ein) = ^ n • [so (^2 - El )] = 
2. Continuity of Tangential E 




Figure 3-12 (a) Stokes' law applied to a line integral about an interface &l dis- 
continuity shows that the tangential component of electric field is continuous across 
the ^Kmndary. 



^E . ds = (Eit - E^Jdl = ^ E,t - E^t = 

c 

Fx(e,-e,) = o 
Equivalent to = along boundary 
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6. Electric Field from a Sheet of Surface Charge 
a. Electric Field from a Line Charge 





dE = dEi +dE2 



i 

An infinitely long unitorm distribution of line charge only has a radially 
directed electric field because the z components uf the electric field are 
cancded out bv symmetrica llv located Incremental charge elements as 
shown above. 
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Another way: Gauss' Law 




jegE^da = 8oEr27irL = XqL 



p _ ^0 
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b. Electric Field from a Sheet Charge 




(a) The electric flekl from a unlfbrmly surface charged sheet of Inflnlte extent is fbund by summing the contributions from 
each incremental line charge elemerrt. Syinntetrically placed line charge elements have x field components that cancel, but 
y field components that add- (b> iiwo parnllel but oppositely sheets of surtiice charge have fields that add in the region 
between the sheets but cancel outside, (c] The electric field from a volume charge distribution is obtained by summing the 
contributions from each Incremental surface charge element. 
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Checking Boundary condition at y=0 



E,(y = 0.)-E,(y = 0_) = ^ 
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c. Two sheets of Surface Charge (Capacitor) 
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7. Magnetic Field from a Sheet of Surface Current 
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A uniform surface current of infinite extent generates a uniform magnetic field oppositely directed on 
each side of the sheet. The magnetic field Is perpendicular to the surface current but parellel to the 
plane of the sheet- (b) The magnetic Field due to a slab of volume current is Found by superimposing 
the fields due to incremental surface currents, (c) Tvvo parallel but oppositely directed surface current 
sheets have fields that add In the region between the sheets but cancel outside the sheet, (d) The force 
on a current sheet is due to the average field on each side of the sheet as found by modeling the sheet 
as a uniform volume current distributed over an Infinitesimal thickness A. 



Fronn a line current I 
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Thus from 2 symnnetrically located line currents 
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Check boundary condition at y 
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